Background: Vitamin D is an important factor in human health. Yet, vitamin D deficiency is very common. We aimed to confirm serum 25-hydroxyvitamin D (25OHD) concentration change after sunlight exposure and to elucidate the relationship between the amount of sunlight exposure and serum 25OHD level change by ambulatory lux meter and sunlight exposure questionnaire.
INTRODUCTION
Vitamin D is a fat-soluble vitamin with various and important health benefits. [1] [2] [3] Previous epidemiology studies have reported a very high prevalence of vitamin D deficiency, ranging from 40% to 90%. [4] [5] [6] [7] Decreased sunlight exposure can be a main To evaluate appropriate sunlight exposure, a precise quantitative method of measurement is needed. But in South Korea, some previous studies about sunlight exposure used only self-reported questionnaires, and the questionnaires solicited responses only about outdoor activity time. 6, 8, 9) Recently, a new sunlight exposure questionnaire was developed, which numerically measures both the exposed skin area and outdoor activity time. 10) This questionnaire will be a more precise and useful tool than its predecessors.
As well, an ambulatory lux meter capable of measuring the intensity of exposed sunlight personally has been developed by a research team in Ajou University Ubiquitous System Research Center. The device, LifeSens, was originally developed as an ambulatory three-axis accelerometer for measurement of human physical activity. In one of several versions of this instrument, the lux meter was additionally applied to measure and record the intensity of personal sunlight exposure as lux per second. This allows the collection of various data about sunlight exposure, such as average sunlight exposure or sunlight exposure during specific hours.
In the present study conducted with Korean women, we aimed to confirm serum vitamin D level change after intentional sunlight exposure, and to elucidate the relationship between serum vitamin D level change and quantified estimation of the sunlight exposure, measured by ambulatory lux meter, and by the completion of a newly developed sunlight exposure questionnaire.
METHODS

Study Design and Subjects
This study was a single-center, observational clinical trial. 
Statistical Analyses
Descriptive statistics and frequency analysis were performed to describe the baseline characteristics of the study subjects. A 
RESULTS
Baseline Characteristics
Comparison of Pre-and Post-study Variables
After four weeks, the mean serum 25OHD level of study subjects was 10.39 ng/mL. It was 0.62 ng/mL lower than that of the baseline. However, the difference was not statistically significant by the paired t-test (P = 0.430). In addition, other variables, such as BP, intact PTH, serum calcium, inorganic phosphorus, and fasting glucose, showed no significant differences between pre-and post-study values (Table 2) .
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Correlations between Personal Sunlight
Exposure, Weekly Sunlight Exposure Score and Mean Serum 25OHD Concentration Change
There was no significant relationship between personal sunlight exposure and weekly sunlight exposure score, and between personal sunlight exposure and mean serum 25OHD level change. Weekly sunlight exposure score and mean serum 25OHD concentration change, however, showed significant negative correlations (r = -0.469, P = 0.037). The value of mean serum 25OHD level change was negative (-0.62 ng/mL), which may mean that the subjects with higher weekly sunlight exposure score showed lower decline of serum 25OHD levels during the study period (Table 3) . (Table 4 ). In addition, post-study serum 25OHD
concentration was not correlated with weekly sunlight exposure score (r = 0.092, P = 0.701) and personal sunlight exposure (r = -0.397, P = 0.083).
DISCUSSION
Our study aimed to confirm serum vitamin D level change after intentional sunlight exposure, and to elucidate the relationship between serum vitamin D level change and quantified estimation of sunlight exposure, measured by the ambulatory lux meter and the novel sunlight exposure questionnaire. After intentional sunlight exposure for four weeks, there was no significant change of serum vitamin D levels in the study period. In addition, personal sunlight exposure, measured using the ambulatory lux with osteoporosis and osteoporotic fracture, [1] [2] [3] colon cancer, 13) breast cancer, 14) and total cancer incidence, 15) total mortality, 16) cardiovascular disease, 17) fall, 18) type 1 and 2 diabetes mellitus, 19, 20) multiple sclerosis, 21) rheumatoid arthritis, 22) and systemic lupus erythematosus. 23) Nonetheless, the incidence of vitamin D deficiency is very high. In the United States, studies have reported vitamin D deficiency in 36% of healthy young adults in Boston during winter 4) and in 57% of inpatients of Massachusetts General Hospital. 5) In Korea, vitamin D deficiency was reported in 72%
of premenopausal women in Busan during winter 6) and in 92% of postmenopausal women in Seoul, also during winter. 7) In our study, results consistent with these previous studies were found; the mean 25OHD level of the study population was 11.01 ng/ mg and all study subjects had vitamin D deficiency. However, the definition of vitamin D deficiency is still controversial. Vitamin D deficiency is diagnosed by serum 25OHD concentration. 
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